Background
Tooth agenesis is the condition of the tooth/teeth absence due to a developmental failure. It is the most prevalent craniofacial congenital malformation in human beings. 1 The etiology of tooth agenesis has been suggested to be multifactorial, but most are caused by genetic factors. 1, 2 The tooth absence may be the only problem that the patient has or may combine with other syndromes.
The type of missing teeth must be considered besides the number of absent teeth. Teeth most often absent are the terminal teeth of a series, like second premolars and maxillary lateral incisors. 2 Moreover, patients with tooth agenesis may have other impairment of ectodermal structures, craniofacial and dental anomalies. Ectodermal structures such as salivary and sweat glands, hair and nails may be impaired. 3, 4 Related craniofacial anomalies are listed in Table 1 . In TABLE 1 Related craniofacial anomalies 4, 5 Maxillary retrognathism terms of dental anomalies, malocclusion is associated with tooth agenesis, such as deep bite, crossbite, multiple spaces and supraeruption of teeth. 2, 5 The change of tooth size and shape is also commonly noted, like microdontia or taurodontism. Some of the impacted primary teeth would become ankylosed, leading to further problems, such as root resorption and infraocclusion 2,5 ( Table 2 ). The aim of this article is to demonstrate how to treat a case with tooth agenesis with many other dental anomalies by integrating interdisciplinary approach and to focus on the role of periodontists in managing patients with tooth agenesis.
Clinical Presentation

Diagnosis and Etiology
An 18-year-old male patient presented to the Department of Prosthodontics in Boston University, Boston, MA, for comprehensive evaluation in May 2014. Extraoral examination revealed a straight facial profile with low smile line. Intraoral exam revealed multiple spaces, missing teeth, abnormal shaped teeth, and infraoccluded retained primary teeth (Fig. 1) .
The lateral cephalometric radiograph indicated a skeletal Class I jaw-base relationship and hypodivergent growth pattern. The posteroanterior cephalometric radiograph confirmed a minor mandibular asymmetry with 2-mm chin deviation to the left side. In the panoramic radiograph, all second deciduous molars were presented without their permanent successors. In the periapical radiograph, obliteration of periodontal ligament space around the deciduous molars was noted (Fig. 2) . Percussion test over the deciduous molars produced a sharp and solid sound.
The patient was diagnosed as having an Angle Class I malocclusion and oligodontia due to 11 congenitally missing permanent teeth in combination with peg laterals, ankylosed deciduous molars, and taurodontism.
Case Management
The treatment objectives were 1) to achieve esthetic smile and maintain a proper facial profile, 2) to establish an acceptable occlusion with good function for the long term by means of restoration and implant treatments. Patient gave oral consent to treatment.
Space analysis was performed utilizing a diagnostic wax-up (Fig. 3) . Orthodontic treatment started with upper arch leveling and alignment to open the bite enough to allow lower brackets placement. The deep bite was corrected by anterior teeth intrusion and proclination as they were significantly retroclined. Teeth leveling following bracket positioning and the use of exaggerated curve of spee in the upper archwire and reverse curve of spee in the lower one helped in bite opening. The lower canines were reshaped and lower incisor brackets were used because canine substitution was planned. After leveling and alignment stage, space redistribution to accommodate the planned implants started. Following partial anterior space closure, the patient was referred back to prosthodontics for upper anterior temporary composite resin build-ups to establish proper dimensions (Fig. 4) . After that, releveling was done and anterior spaces were consolidated. The bite was opened to about 30% to 35% to accommodate the raise in vertical dimension by full-mouth rehabilitation. An approximately 2-mm lower dental midline deviation compared to the upper one was accepted since the patient had minor skeletal asymmetry.
Meanwhile, all deciduous teeth were extracted, socket preservation procedures with mineralized freeze-dried bone allografts (FDBA), # and collagen plug * * were performed (Fig. 5) . Ankylosis of these molars was confirmed during the procedures.
After wounds had healed completely and orthodontic treatment was completed (Fig. 6) , cessation of significant growth was verified by superimposing two cephalometric radiographs (Fig. 7) . Cone-beam computed tomography (CBCT) was taken to assess the ridge dimensions (Fig. 8) .
FIGURE 1
The intraoral views demonstrated multiple dental problems, such as multiple spaces, missing teeth, abnormally shaped teeth, smaller teeth, and non-shedding primary teeth with infraocclusion (1a through 1e).
The surgical phase involved the placement of eight implants † † over the edentulous premolar regions. Since orthodontic treatment had created just enough space, all the implants could be placed in adequate distance near adjacent implant or tooth, i.e. 3 mm between two implants and 1.5 mm between tooth and implant (Fig.  9) . Simultaneous bone augmentation with FDBA and titanium-reinforced cytoplast membrane ‡ ‡ was also performed at the time of upper left implant placement due to its thin buccal bone and concave ridge contour (Figs. 9a through 9c) . Tooth #47 was not planned to be restored due to insufficient bone height, and the patient denied inferior alveolar nerve repositioning procedure concerning risk of neurosensory disturbance. Thus, to prevent supraeruption of tooth #17, a flexible stainless retainer was bonded on the buccal surfaces of tooth #16 and tooth #17 allowing the preservation of † † Straumann Bone Level SLActive Implants, Straumann, Basel, Switzerland ‡ ‡ Cytoplast TXT-200 Membrane, Osteogenics Biomedical, Lubbock, TX proper restorative space for future restoration of tooth #47.
Around 6 months later, uncovering procedures by apically positioned flap or simultaneous subepithelial connective tissue grafting were performed to manage the problems of inadequate keratinized gingiva and thin mucosal tissues around implants (Fig. 10) .
After the completion of all surgical procedures and tissues had become stable, the prosthodontists continued to work on teeth preparation and provisionalization. Two millimeters of vertical dimension was raised with the restorations. Shortterm provisional restorations § § were fabricated chairside with putty-shell technique based on waxed-up models. Information from provisional restorations were transferred into final prostheses. The final prostheses were delivered. The patient in the end of treatment had a good occlusion with function and his facial profile was maintained with a more confident smile (Figs. 11 and 12) .
Clinical Outcomes
Overall treatment time was around 25 months. The orthodontic treatment duration was 15 months since the patient used to come with detached brackets several times in the beginning of treatment and traveled for 3 months during the summer holiday.
At the 1-year follow-up, the patient still maintained good occlusion with function and his facial profile was retained with an attractive smile. The patient demonstrated good oral hygiene maintenance over all prostheses of teeth and implants. The periodontal condition of tooth #2 and tooth #3 was stable so the buccal retainer was maintained (Fig. 13) .
Discussion
Patients with severe tooth agenesis usually combine with multiple craniofacial and dental anomalies. The patient in this report did not show obvious craniofacial § § Protemp Plus, 3M ESPE, Germany
FIGURE 2
The initial radiographs. The lateral and posteroanterior cephalometric analysis showed a skeletal Class I jaw-base relationship, low mandibular plane angle, decreased lower anterior facial height, retroclined and retruded incisors, and mandibular asymmetry with a 2-mm chin deviation to the left side (2a and 2b) . The panoramic radiograph showed upper and lower second primary molars were present without successors (2g). The PDL space around these retained deciduous molars could not be clearly seen in the periapical films (2c through 2f).
anomalies but presented with multiple dental anomalies, such as microdontia, retained and ankylosed deciduous molars.
Retained deciduous molars without successors are not necessarily required to be removed. Some studies have showed persistence of primary molars in generally good condition. [7] [8] [9] However, the spaces between the retained ankylosed deciduous molars and canines of the patient in the study were too large for one unit or tooth to be restored prosthetically with good occlusion.
Therefore, extraction of all ankylosed primary molars was determined.
Periodontists play an essential role in treating patients with severe tooth agenesis since they most often present with particular considerations in their edentulous areas, such as inferiorly extended maxillary sinus, atrophic alveolar ridge, thin gingival tissues, etc. 2, 5, 6 Therefore, periodontists may need to do sinus lifting, bone or soft tissue grafting for reconstruction of edentulous region with implant placement. 10 If the patient has abnormal frenum, a frenectomy is indicated for correction of midline diastema, oral hygiene maintenance, prevention of gingival recession, or orthodontic relapse. 11, 12 The patient in this report had classic features of multiple dental anomalies including ankylosed teeth, atrophic ridge tissues, and an inadequate amount of attached gingiva. Therefore, extraction of all these malpositioned ankylosed teeth and simultaneous socket preservation was performed. Implant placement with second bone augmentation over the atrophic upper left ridge was carried out. Periodontal plastic surgeries were utilized during uncovering procedures.
Many studies have reported the rehabilitation of congenitally missing teeth. To our knowledge, this article presents the first known published case involving periodontists and interdisciplinary treatment and presenting management of soft and hard tissue defects around implants.
Conclusions
This case report demonstrates an interdisciplinary approach to treat a patient with oligodontia as well as other dental anomalies including deep bite, multiple spaces, microdontia, infraoccluded and ankylosed deciduous molars. The role of the periodontist in this case was to remove ankylosed teeth atraumatically and to perform implant surgeries in combination with soft and hard tissue grafting for accomplishment of full-mouth reconstruction.
FIGURE 3
Diagnostic wax-ups. Teeth in the diagnostic model were sectioned (3a) and realigned to simulate the situation after orthodontic treatment (3b and 3c) . The model was duplicated after set-up and a diagnostic wax-up was performed to evaluate the morphology and size of final prostheses (3d through 3f).
FIGURE 4
Enamoplasty and composite resin build-ups. Near the end of orthodontic treatment, enamoplasty procedures were carried out over the mandibular canines, which were substituted for lateral incisors (4a and 4b). Also, composite resin build-ups were performed to create the normal size of the maxillary anterior teeth to facilitate and help finalize orthodontic treatment (4c and 4d).
FIGURE 5
Extraction of ankylosed deciduous second molars. Near the end of orthodontic treatment, all deciduous second molars were removed. Ankylosed primary molars were confirmed during the extraction (5d through 5g). After extraction, socket preservation procedures with FDBA and resorbable collagen plug were carried out to reduce the amount of ridge resorption over time (5a through 5c).
FIGURE 6
After orthodontic treatment. Orthodontic treatment was completed. Re-examination of all the teeth as if this was a new patient. Teeth were all in acceptable positions and edentulous regions were in a better shape and much easier to be reconstructed compared to the initial situations.
FIGURE 7
Serial cephalometric radiographs. Two lateral cephalometric radiographs were superimposed and no change was noticed in the distance between nasion and menton (7a). The facial skeletal growth of the patient was assumed to have stopped, so the patient proceeded with implant treatment afterwards (7b). 
FIGURE 8
The CBCT radiograph. The CBCT imaging was taken to evaluate bone dimensions and position of the vital structures. All edentulous premolar regions presented with adequate bone height and width (8a through 8h). However, tooth #47 did not have enough bone height, and it may be difficult placing an implant due to thick buccal cortical bone (8i).
FIGURE 9
Implant treatment in combination with bone augmentation over premolar regions. Two implants were placed over upper left premolar regions, and simultaneous guided bone regeneration with FDBA and Ti-reinforced cytoplast membrane was carried out to correct the concave ridge contour and increase the thickness of buccal bone (9a through 9c). Subsequently, two implants were placed over the upper right (9d), lower right (9e), and lower left (9f) premolar regions uneventfully. Panoramic radiograph was taken as a baseline radiograph (9g). Note that there is some distortion affecting the anterior teeth angulation in the panoramic radiograph. The CBCT volumetric view taken after orthodontics shows better angulation (see 10f and 10g) to increase the amount of keratinized tissues over the buccal sites in the presence of enough keratinized tissues at palatal and lingual sites and to increase the tissue thickness around implants. Due to insufficient amount of keratinized tissues in total over lower left region (10h), uncovering procedure was done with subepithelial connective tissue graft (10i and 10j).
FIGURE 11
Provisionals. Temporary prostheses with good occlusion and function were delivered by the prosthodontist (11a and 11b) . The patient's profile was maintained, the lip support was enhanced, and the incisal show was increased making the smile line consonant. The patient was able to smile with more confidence.
FIGURE 12
Final prostheses delivery. Final prostheses were delivered with good occlusion and function (12a).
A fixed buccal retainer was used to prevent further supraeruption of the unopposed upper right second molar (12b). Esthetics was enhanced significantly. Gingival tissues around restorations and peri-implant mucosal tissues were stable and healthy (12c). Radiographic images showed stable bone level around implants. (12d). The patient could perform good oral hygiene maneuvers with normal contour of tissues and individual restorations.
FIGURE 13
One-year follow-up. One year later, the patient maintained good occlusion with function, tissues were stable, and his facial profile was retained with an attractive smile.
Summary
Why is this case new information?
To the best of our knowledge, this is the first known reported case of tooth agenesis highlighting the role of periodontists in the management of soft and hard tissue defects around implants.
What are the keys to successful management of this case?
Detailed analysis Accurate diagnosis Thorough treatment planning Integration of interdisciplinary approach
What are the primary limitations to success in this case?
Lack of long-term follow-up
